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ABSTRACT 
Despite myriad benefits to incorporating winter cover crops into conventionally managed 
row crop systems farmer adoption remains low in Iowa.  Commonly cited apprehensions include 
the costs associated with managing cover crops without any short term economic benefits and the 
complexities associated with management of cover crops.  The management of cover crops as a 
forage could potentially help address both of these issues while at the same time enhancing the 
environmental sustainability of conventionally managed systems.  The work provided in this 
thesis is an attempt to evaluate the potential for four selected species to be managed as dual-
purpose winter cover crops and early spring forages in Iowa.  Winter cereal rye (Secale cereale 
L.) ‘Spooner’ was included (as rye is the most commonly grown cover crop in Iowa) as were 
three brassica species [canola (Brassica napus L.) ‘Sitro’, camelina [Camelina sativa (L.) 
Crantz] ‘Bison’, and turnip (Brassica rapa L.), ‘Purple top turnip’] as potential alternatives.  
Two other issues critical to cover crop forage management were addressed in this work as well: 
the role played by spring termination timing and the benefits or detriments of removing cover 
crop biomass.   
Each of four cover crops in the study was shown to be well suited to a different cover 
crop niche.  Turnips were suitable for significant fall soil protection when cover crop winterkill 
is desired.  Canola provided significant fall growth but had the potential to overwinter. Rye had 
excellent winter survival and vigorous spring growth.  Perhaps most significantly, camelina was 
intermediate between canola and rye, with excellent winter survival combined with more limited 
spring growth.   
Canola and camelina had high suitability as spring forages with limited impacts to 
subsequent soybean yields even when grown into late May.  Cover crop biomass removal had 
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potentially beneficial effects on yield and agronomics, particularly when there were high levels 
of biomass or incomplete chemical control of cover crops. 
Lastly, cover crops potentially had a net positive effect on system economics when 
managed as forages, even in cases where there were significant reductions to subsequent soybean 
grain yields.    
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CHAPTER 1. 
GENERAL INTRODUCTION 
Iowa is arguably one of the highest producing areas in the world for rainfed corn (Zea 
mays L.) and soybean [Glycine max (L.) Merr.].  Over the last century agricultural production in 
Iowa has seen major gains from the development of technology, machinery, genetics and 
infrastructure and the refinement of management practices.  However, the environmental costs 
associated with these highly intensified, sophisticated systems are often a point of contention.  
Fields of corn and soybeans typically sit fallow after fall harvest until the subsequent crop is 
planted the following spring.  This leads to issues of soil erosion and nutrient loading in nearby 
waterbodies, particularly phosphorus and nitrogen (Iowa Nutrient Reduction Strategy, 2017).   
One practice that has shown significant ability to prevent these problems is the use of a 
winter cover crop, sometimes referred to as a catch crop or green manure.  A cover crop is a crop 
that is grown during a fallow period in a cropping system, but rather than being harvested it is 
simply terminated and left in the field.  While growing cover crops has been shown to provide 
significant environmental and soil health benefits, farmer adoption of this practice still remains 
low in Iowa (Lenssen, 2016). 
 An often-cited objection to growing a cover crop is the lack of a direct economic 
benefit to the farmer.  Many farmers are reticent to invest money into seed and labor costs 
associated with adding cover crops to a system when there is a potential, whether real or 
perceived, for the subsequent cash crop yield to be reduced.  Additionally, the federal rules for 
obtaining subsidized insurance of a main cash crop have specific requirements for the 
termination of cover crops, adding a layer of complexity and perceived risk for producers 
(Clayton, 2013; Lehner, 2013). 
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 The work presented in this thesis is aimed at addressing some of the issues related 
to the management of winter cover crops in Iowa.  The intention of the research was to test the 
boundaries of winter cover cropping systems in hopes of developing a fuller understanding of the 
dynamics associated with adding a cover into a conventional system.  In pursuit of this, the 
research includes selected brassica species that are little-known and under-researched in Iowa, 
delays the termination timing of the cover crops weeks later into the spring than typical and 
examines the potential for using cover crops as a forage.  The work includes not just the 
environmental impacts of these crops, but their influence on soybean agronomics and 
importantly, on overall economics.    
Thesis Organization 
This thesis consists four chapters.  Chapter one is this introduction, chapters two and 
three consist of two papers written in the standard format for submission to Agronomy Journal. 
The papers each include the following sections: abstract, introduction, materials and methods, 
results and discussion, conclusions and references. Tables are presented following the references 
section. Tim Sklenar is the primary researcher and author of both papers, with co-authors 
including Drs. Andrew W. Lenssen and Mary Wiedenhoeft, Department of Agronomy, Iowa 
State University and Dr. Tom Kaspar, USDA-ARS National Laboratory for Agriculture and the 
Environment. Last, chapter four is a general conclusion consisting of a summary of results and 
conclusions that brings together the results of the papers and suggests future lines of inquiry into 
the benefits of cover crops as forages. 
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CHAPTER 2.  
TERMINATION DATE INFLUENCE ON ENVIRONMENTAL FACTORS OF 
SELECTED BRASSICACEAE COVER CROPS IN IOWA 
A manuscript for submission to Agronomy Journal 
 
Abstract 
 Cover crops are an important tool to ameliorate the negative environmental 
impacts associated with row crop agriculture, but adoption by producers has been limited.  
Winter rye (Secale cereale L.) is the primary cover crop planted in Iowa, but viable alternatives 
warrant exploration.  Additionally, understanding the limits of spring cover crop termination 
dates will aid in farmer decision making and help to expand the suite of management options 
available to producers.  The objectives of this 2-year study were to evaluate the performance of 
three brassica species [canola (Brassica napus L.) ‘Sitro’, camelina [Camelina sativa (L.) 
Crantz] ‘Bison’, and turnip (Brassica rapa L.), ‘Purple top turnip’] as alternatives cover crops to 
winter rye ‘Spooner’ and quantify the impact of termination date on topsoil nutrient dynamics, 
ground cover, biomass accumulation, and C and N concentration and accumulation of the 
selected cover crops.  Rye reduced spring soil NO3-N in both years and camelina reduced it in 
2014.  Rye generally had the greatest biomass and C and N accumulation across years and dates.  
Camelina survived both winters of the study but canola survived one year only; turnip died both 
years.  Due to lower biomass accumulation and lower late season C:N ratios, canola and 
camelina may present good alternatives to winter rye and, depending on producer goals, are 
viable cover crops in Iowa.  
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Abbreviations: CC, cover crop; GHG, greenhouse gas 
Introduction 
Using a cover crop (CC) can ameliorate many environmental issues caused by row 
cropping systems including nitrate (NO3
-) leaching through subsurface drainage (Meisinger and 
Delgado, 2002), soil erosion (Kladivko and Mutch, 2008; Kaspar et al., 2011; 2012) and 
greenhouse gas (GHG) balance (Abdalla et al., 2014).  In a review by Meisinger et al. (1991) 
non-legume CCs, including grass and brassica species, were found to reduce NO3
- leaching by an 
average of 70% while legume species reduced NO3
- leaching by only 23%.  Kaspar et al. (2001) 
found that winter rye (Secale cereale L.) overseeded into soybean [Glycine max (L.) Merr] 
reduced interrill erosion in two of three years by an average of 55% and rill erosion in two of two 
years by an average of 90%.  In a recent meta-analysis by Basche et al. (2014) nitrous oxide (N-
2O) emissions were shown to decrease in 40% of CC treatments and increase in the other 60% of 
treatments.  The effects of CCs on N2O varied based on measurement timing, measurement 
duration, and site management. This is consistent with Abdalla et al. (2014), who showed CCs 
paired with reduced tillage had a net reduction on GHG balance (despite increased N2O 
emissions) due to the sequestration of carbon into soil organic matter (SOM) pool. 
Cover crops contribute C and N to soil over time and lead to increases in SOM and crop 
productivity (Sainju et al., 2002). Kessavalou and Walters (1999) found CC N accumulation (kg 
ha-1) was similar to the reduction in residual soil nitrate (kg ha-1) such that CC N accumulation 
could be used as an estimator for retained leachable N and should be considered in fertilizer 
decisions.  
Winter rye is often recommended as a CC in the Midwest due its excellent winter 
hardiness and ability to scavenge residual soil nitrate (Ruffo et al., 2004).  Meisinger et al. (1991) 
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showed that brassica species can rival the nitrogen scavenging ability of rye:  rye reduced 
leached N mass between 31-77%, while brassica species reduced leached N mass between 35-
87%.  However, none of the studies cited by Meisinger were conducted in the Midwestern US.  
Brassica species are an underrepresented, understudied, and underutilized CC family in this 
region. 
Termination timing of a CC has a significant influence on many aspects of a cropping 
system.  De Bruin et al. (2005) showed that later mowing of rye lead to less regrowth and 
therefore less competition with the subsequent crop, but also increased the potential for soil 
water content reduction.  Later termination leads to greater biomass and nitrogen accrual (De 
Bruin et al., 2005) but may also interfere with the subsequent crop through reduced stand 
(Eckert, 1988) or immobilization of N (Dabney et al., 2001).  To address termination issues with 
respect to eligibility for federal crop insurance, the United States Department of Agriculture Risk 
Management Agency (USDA-RMA) established rules for the termination timing, termination 
method, grazing, and harvest of CCs (USDA-RMA, 2013).  The rules denied crop insurance if 
CCs were hayed or grazed after May 10 or if commodity crops were planted prior to termination.  
While the rules were intended to minimize risk of commodity crop failure they also had 
unintended consequences for many conservation minded farmers due to their strict interpretation 
by field personnel, which lead to several lawsuits appealing insurance denials (Clayton, 2013; 
Carr, 2013).  Additionally, the rules seemed to set the USDA-RMA at odds with the USDA 
Natural Resources Conservation Service (USDA-NRCS) which strongly recommended CC 
adoption to farmers (Lehner, 2013).   
The objectives of this study were to quantify the impacts of spring termination timing and 
cover crop species on (i) top soil nutrient dynamics from 0- to 15-cm, (ii) CC biomass 
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accumulation, (iii) ground cover provided by the CC, (iv) CC plant nitrogen and carbon for rye 
and three selected brassica species in a no-till corn silage and soybean system. 
Materials and Methods 
A field study was conducted for two years, 2012-2013 and 2013-2014.   The field sites 
were located near Ames, IA (41.97 N, 93.66 W).  Soils at the 2012-2013 site were Webster clay 
loam (fine-loamy, mixed, superactive, mesic Typic Endoaquoll), Harps clay loam (fine-loamy, 
mixed, superactive, mesic Typic Calciaquoll) and Clarion loam (fine-loamy, mixed, superactive, 
mesic Typic Hapludoll).  In 2013-2014 the soils were Webster clay loam and Canisteo clay loam 
(fine-loamy, mixed, superactive, calcareous, mesic Typic Endoaquoll).  Prior to initiation of the 
experiment, sites had been in a conventional tillage corn silage-soybean rotation.   
The experiment was arranged in a randomized complete block design (RCBD) with four 
replications in a split-plot layout.  The whole plot factor was cover crop entry with CC 
termination date as the split-plot factor.  Four CCs were studied: winter rye ‘Spooner’, canola 
‘Sitro’, camelina ‘Bison’, turnip ‘Purple top turnip’.  Additionally, a no cover crop control was 
included.  The CC were established in September and terminated in either mid or late May of the 
following year (Table 1).   
Management practices 
A uniformly managed corn silage crop preceded the experiment in both years and was 
harvested with a cut height of approximately 15-cm in late August in 2012 and in mid-September 
in 2013.  In 2012-2013, winter rye, canola and turnip were planted using a John Deere 750 
(Deere and Company, Inc., Moline, IL) no-till drill on Sept. 12 while camelina was planted using 
a Tye no-till Pasture Pleaser drill on Oct. 11 (based on unpublished results, prs. com. Russ Gesch 
USDA ARS, Morris, MN).  In 2013-2014 all plots were planted using the identical Tye drill on 
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Sept. 27.  Row spacing was 19.1 cm for both drills.  Rye plots were seeded at a rate of 67.3 kg 
ha-1 while canola, turnip and camelina were seeded at a rate of 5.6 kg ha-1.  Seeding rates were 
based on planting recommendations from areas where these species are grown as cash crops.  
Rye was planted at a depth of 2.5 cm and all other seed was planted at a depth of 0.6 cm.  Canola 
seed was treated with clothianidin [[(C(E)]-N-(2-chloro-5-thiazolyl)methyl]-N’-methyl-N”-
nitroguanidine], trifloxystrobin [methyl (E)-methoxyimino-{(E)-a-[1-(a,a,a-trifluoro-m-
tolyl)ethylideneaminooxy]-o-tolyl}acetate], carboxin [5,6-dihydro-2-methyl-N-phenyl-1,4-
oxathiin-3-carboxamide], and metalaxyl [N-(2,6-dimethylphenyl)-N-(methoxyacetyl)alanine 
methyl ester].  All other seed were untreated. 
Plots were split in the spring and CCs were terminated in either mid or late May (Table 
1). The choice of termination timing was done to test the USDA-RMA termination date 
guidelines for Iowa, which determined eligibility for federal crop insurance.  Biomass removal 
was completed by hand with a brush trimmer and raking in 2013 and with a forage harvester in 
2014.   After CC biomass samples were collected and biomass removal from the plot was 
completed, glyphosate [N-(phosphonomethyl)glycine] was applied to all subplots to terminate 
the CC.  The glyphosate for the early termination date in 2013 was applied at a rate of 0.42 kg 
a.e. ha-1 in 187 L ha-1 of water and then re-sprayed at a labelled rate of 0.84 kg a.e. ha-1 in 187 L 
ha-1.  All other termination dates received an appropriate labelled rate of 0.84 kg a.e. ha-1 in 187 
L ha-1 of water.  Soybean was planted into plots after termination, but those results are presented 
in the subsequent chapter. Dates of termination, glyphosate application and planting are 
presented in Table 1.  
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Data collection 
Soil samples were taken in the fall from 0- to 15-cm depth from each whole plot to 
determine initial soil fertility levels.  Fall soil samples were taken after CCs were planted, but 
before significant growth had occurred.  In plots with actively growing CC, samples were taken 
from middle of the inter-row.  Fall samples were composited from nine cores per plot in 2012-
2013 and five cores per plot in 2013-2014.  The following spring this procedure was repeated for 
each subplot.  Spring soil sampling took place after CC termination and prior-to or concurrent-
with soybean planting.  Spring samples in both years were composites from five cores per plot.  
All samples were taken using a standard 2.2-cm diameter soil probe and a 2.5-cm diameter gator 
probe.  Samples were mixed in the field, air-dried and ground to pass a 2-mm sieve.  Nitrate and 
ammonium concentrations were determined by colorimetry after a 2M KCl extraction.  
Phosphorus and potassium levels were determined by ICP analysis following Mehlich-3 
extraction.  
Cover crop stand density was determined by counting plants in four randomly selected 1-
m sections of row per plot in the fall.  Leaves were counted on five plants per plot to calculate 
the average number of leaves plant-1 in the fall.  Winter survival was assessed by counting plants 
in four randomly selected 1-m sections of row per plot in the spring.  Winter survival counts 
were performed on camelina in both years and on canola in spring 2013.  No survival counts 
were taken in rye either year due to a lack of winter injury and substantial tillering or in turnip 
due to complete winterkill.  Additionally, stand density counts were not taken in canola in 2014, 
also due to winterkill.  
Plant biomass was determined by harvesting a 1-m2 quadrat randomly from the interior of 
each plot.  Harvested biomass was dried in a 60 °C oven until constant weight was achieved. 
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Dried biomass from fall samples were ground using a 2-mm sieve with a UDY mill (UDY 
Corporation, Fort Collins, CO).  Biomass from spring samples was ground using a 1-mm sieve 
on a Wiley mill (Thomas Scientific, Swedesboro, NJ).  Some biomass samples were too large to 
be practically passed through either mill in their entirety. These samples were roughly pre-
chopped, mixed and subsampled.  A coffee grinder was used for fall sample pre-chopping and an 
8-mm sieve on a Wiley mill was used for spring sample pre-chopping.  Plant carbon and nitrogen 
concentrations were determined from the ground samples by combustion analysis with a LECO 
Truspec CN analyzer (LECO Corporation, St. Joseph, MI). 
Soil ground cover was determined using a line transect method in both the fall and spring 
(Laflen et al., 1981) and counts included all ground cover sources (ie growing CCs, CC residue, 
weeds, previous cash crop residue).  Fall sampling dates were in early November.  Spring residue 
cover was determined for both mid May and late May CC termination dates (Table 1).   
Statistical analysis 
 Data were analyzed using SAS 9.4 (SAS Institute, 2012).  Fall soil nutrient levels, fall 
and spring plant populations, leaves per plant, winter survival, aboveground biomass 
accumulation, aboveground biomass carbon and nitrogen concentration, aboveground biomass 
carbon and nitrogen accumulation and ground cover were analyzed separately at each 
termination date with cover crop treatment in an RCBD with four blocks.  Fall soil nutrient 
levels and biomass data were analyzed using the MIXED procedure, while ground cover was 
analyzed using a binomial model with the GLIMMIX procedure.  Logit transformations were 
performed on the ground cover data before analysis and counts of 100% were changed to 99% to 
facilitate analysis.  Ground cover results as presented were retransformed for ease of reader 
interpretation.  Post-CC soil nutrient concentrations were analyzed separately by year using the 
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MIXED procedure as a split plot RCBD analysis with CC treatment as the whole plot factor and 
termination date as the split plot factor.  Fall soil nutrient levels were included as a covariate in 
soil nutrient models where a statistically significant relationship was found with post-CC soil 
nutrient levels.  Block and its interaction with model factors were treated as random effects in all 
models as appropriate with respect to the stated analyses.  A significance level of P ≤ 0.05 was 
used for all statistical tests unless otherwise noted. 
Results and Discussion 
Climate 
Overall temperatures in the 2012-2013 growing season were generally below the 20-year 
average and ranged from 8 degrees below average in April to 4.8 degrees below average in 
August (Table 2).  April and May of 2013 was the wettest spring on record for the state of Iowa 
(Iowa Environmental Mesonet, 2018) and this site received 230 mm precipitation above the 
long-term 20-year average, double the typical precipitation.   
The 2013-2014 season had winter temperatures that were much colder than typical 
followed by a cool spring and mild summer growing period (Table 2).  Mean monthly 
temperatures were below the 20-year average for the 2013-2014 season (Sept 2013 to Oct 2014) 
and ranged from 3.6 degrees below average in September to 11.4 degrees below average in 
February.  Precipitation was above average over the spring due to April having precipitation 
more than double that of the long-term mean.  
Soil nutrients 
 Soil nutrient concentrations in the fall showed no significant differences among 
treatments prior to CC establishment (Table 3).  Available P concentrations were quite high, 
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likely due to long-term application of manure based on crop nitrogen needs (Sawyer and 
Mallarino, 2008).  Cover crops were followed with a cash crop of soybean as part of a different 
study (results not presented).  Fall soil nutrient levels were adequate for soybean growth 
(Mallarino et al., 2013) both years, so no fertilizer was applied in either year . 
Cover crop treatment and termination date had different effects on spring soil nutrient 
concentrations between years.  The main effect of CC treatment was significant for NO3-N 
concentration in both years and K concentration in spring 2013 (P ≤ 0.098) and the main effect 
of termination date was significant for concentrations of NH4
+-N (P ≤ 0.065) and K (P ≤ 0.096) 
in spring 2013 (Table 4).  The CC treatment × termination date interaction was significant for the 
soil concentrations of NO3-N, NH4+N, P and K in the 2012-2013 season (Table 4).  Soil under 
late May terminated canola had greater nitrate than soil where canola was terminated in mid 
May.  The main effect of date was not significant for soil nitrate concentrations in other CC 
treatments.  Soil ammonium was greater under mid May terminated turnip versus under late May 
terminated turnip; termination date did not influence soil ammonium for other cover crops.  Soil 
phosphorus was greater following termination of turnip in late May than when terminated in mid 
May.  Soil potassium concentration was greater under late May terminated canola and turnip 
than under the mid May terminations; other CC treatments had similar soil potassium 
concentrations between termination dates.  
The abundance of interactions among the spring 2013 soil nutrient concentrations (and 
the lack of interactions in spring 2014) could have been influenced a non-experimental factor: 
incomplete cover crop termination.  The initial glyphosate application to canola was performed 
at below the labeled rate, as mentioned previously, allowing the canola in the first termination 
date to survive, flower and continue to use soil water and accumulate nutrients. 
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Because of this potential complication with the interaction effects in spring 2013, 
significant main effects warrant examination as well.  For CC main effects, in both years spring 
soil NO3-N concentration was lower in rye plots than in all other treatments, including the no 
cover crop control (Table 4).  These represent a reduction of 42% for 2013 and 45% for 2014 
relative to the mean of all other treatments and assuming a bulk density of 1.5 g cm3 these 
concentration reductions would amount to differences of 9.1 kg ha-1 and 15.8 kg ha-1 for 2013 
and 2014 respectively.  These values are higher than those published by Kessavalou and Walters 
(1999) who measured NO3-N to a 30-cm depth and showed planting  a rye cover crop between 
soybeans and corn provided soil NO3-N reductions from 4 to 11 kg ha
-1.  The greater reduction in 
soil NO3-N in this study was likely due to the extension of the CC growing season and high rye 
biomass accumulation relative to Kessavalou and Walters (1999).  Soil NO3-N concentrations at 
CC termination were similar for canola, turnip and control treatments in both years. The 2014 
spring NO3-N concentration was 18% lower in camelina plots in a pooled contrast compared to 
the mean of the canola, turnip (which both winter killed) and control plots, representing a 
reduction in NO3-N of 6.7 kg ha
-1.  Rye plots also had a higher soil K concentration than turnip 
and control in spring 2013 (P ≤ 0.098), a difference of 11% and 12% respectively.  Cover crop 
main effects were non-significant for other nutrients in both seasons (Table 4). 
The main effect of termination date was only found significant for concentrations of 
NH4
+-N (P ≤ 0.065) and K (P ≤ 0.096) in spring 2013 (Table 4).  The mid May termination date 
had 0.4 mg kg-1 higher NH4+ concentration and 24 mg kg
-1 lower K concentration compared to 
the late May termination date.  While these results were statistically significant, the biological 
importance of these small differences is unclear. 
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Establishment 
 Fall and spring CC populations varied by entry due to winterkill and germination issues 
and were thus analyzed separately by year.  Rye had the greatest fall population in 2012 and was 
similar to turnip in 2013 (Table 6).  Camelina had the lowest population in 2012 due to our seed 
lot having a 5% germination rate, but was similar to canola in 2013 when the camelina seed lot 
had a more comparable germination rate of 95%.  Rye had the greatest number of leaves per 
plant at both fall dates, but no differences were detected among the brassicas (Table 6). 
Substantial tillering and lack of apparent winter injury rendered spring stand counts impractical 
for rye, but was assumed to be near 100%.  Winter survival rate was similar for canola and 
camelina in 2012-13 despite camelina being planted a month later (Table 1) supporting the 
literature that camelina may have better cold tolerance than canola (Assefa et al., 2014; Eberle et 
al., 2015).  Additionally, in 2013-14 camelina had a 50% higher survival rate despite harsher 
winter conditions compared to 2012-13.  This is potentially due to the earlier planting date in the 
second year of the study and indicates a need for further study to refine the planting 
recommendations for camelina as a cover crop in Iowa.  
Ground cover 
 Percent ground cover varied by species, sampling date and year due to variable 
establishment and winter survival and consequently was analyzed separately by date.  Cover crop 
entry was significant at all dates (Table 7).  Rye had the greatest percent ground cover for all 
dates except fall 2013, when it was similar to turnip.  Rye provided 88% or greater cover at five 
of six sampling dates, which is consistent with values reported by Kaspar et al. (2001).  Relative 
to the no cover crop control at each date, this amounts to a range of 1.4 to 10 times more ground 
cover in rye plots.  Turnip had the second highest ground cover in the fall of both years, with 3.4 
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and 1.3 times greater ground cover than control, respectively.  However, turnip did not differ 
from the control at any date in the spring due to the degradation of the winterkilled vegetation.  
Ground cover from canola varied between sampling dates in the 2012-2013 season due to 
dieback of vegetative growth over the winter and varied between years due to winterkill in 2013-
2014.  Canola had 3.0 times more ground cover than control in the fall of 2012 and 4.5 times 
more in late May 2013.  Observed fall ground cover in 2012 was 49% greater than values 
reported by Harker et al. (2012) which were taken at the six leaf stage in spring canola at four 
Canadian prairie sites.  This is likely due to a relatively long fall growing period in our study 
which allowed development to the 7 to 8 leaf stage by the time data were collected.  Across dates 
and years when canola had not winterkilled, ground cover was nearly identical to that reported 
by Harker et al. (2012), 43% vs 42%.  The lack of a difference between canola and control in 
mid May 2013 was due to winter dieback.  Additionally, we observed that vegetative growth in 
the fall had a higher leaf angle when compared to spring growth after bolting, which may have 
added to this effect.  In the 2013-2014 season canola had higher ground cover compared with the 
no cover crop control at the late May date, although this result is likely a false positive as canola 
biomass from the previous fall had completely degraded by the late May sampling.  Supporting 
this, canola only had a 10% greater ground cover than the control (34% vs. 24%) and did not 
differ from the winterkilled turnip at this date.  Both canola and turnip ground cover values fall 
within the range reported by Ackroyd (2015) for these brassica species in Minnesota and 
Michigan.  Ground cover of camelina varied between years due to poor stand establishment in 
the 2012-2013 season. Despite poor establishment, camelina had 2.1 times more ground cover 
than control in late May 2013.  Camelina did not differ from the no-cover control in the fall 2013 
due to a short, cold fall growing period, but had 1.5 times greater ground cover in mid-May and 
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2.8 times greater ground cover in late May of 2014.  While camelina provided less ground cover 
than turnip in the fall of 2014, it was similar to canola and it provided greater ground cover at 
both spring 2014 dates than canola provided at the respective spring 2013 dates.  Since neither 
spring had well established, overwintered stands of both canola and camelina a direct statistical 
comparison is not possible.  However, we do show the potential for camelina to be used as an 
effective spring ground cover, which warrants further study.   
Relative to the no cover control, rye had greater mean ground cover at all six dates 
observed, while the brassicas provided greater mean ground cover at six of nine observed dates 
when the plants were well established and actively growing.  Greater ground cover reduces soil 
erosion and is an important function of CCs.  The relationship between soil erosion and ground 
cover in row cropping systems has been shown to be negative exponential (Laflen and Colvin, 
1981; Dickey et al., 1984), thus small increases in ground cover can have dramatic effect, 
particularly in low residue systems.   
The brassicas only provided greater ground cover in the spring at one of the six observed 
dates when plants had established well the prior fall but had subsequently winterkilled. This 
shows that the rapid breakdown of brassica aboveground biomass is a potential limitation for 
these brassica species as cover crops with respect to soil protection.  However, Kaspar et al. 
(2001) also showed that cover crops can reduce rill and interrill erosion even when differences in 
residue cover are not significant, so there still may be some benefit gained in protecting soil from 
erosion by roots of brassica species that winterkill.    
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Aboveground biomass 
 The two seasons were analyzed separately within date for aboveground biomass 
accumulation because of variable stand establishment and winter survival.  Biomass 
accumulation varied significantly for CC entry at all dates (Table 7).  In the 2012-13 season 
camelina stand establishment was poor, however, those plants that established overwintered well.  
In 2013-14 camelina establishment was excellent and plants overwintered well again.  The B. 
napus established both years but winterkilled in the 2013-14 season due to December to 
February temperatures, which frequently were below -25 C with no snow cover.  These results 
are consistent with literature (Assefa et al., 2014; Eberle et al., 2015) and provide further 
evidence that winter camelina is more cold tolerant than canola.  Turnip established well each 
fall but winterkilled both years as expected.  Rye established well and survived both winters.       
Winter rye had the greatest biomass accumulation at all sampling dates except fall 2013, 
when it was similar to turnip (Table 7).  Biomass accrual for turnip was similar to canola in fall 
2012 but greater than canola and camelina in fall 2013 due to vigorous fall growth.  Canola and 
camelina has similar accrual at all dates when both were growing.  In the spring of 2014 
camelina had the second greatest accumulation of biomass because both turnip and canola 
winterkilled.   
 Aboveground biomass of winter rye reached a maximum of 8577 kg ha-1 in late May 
2013 (Table 7).  At termination rye had 717% and 334% greater biomass than the next highest 
entry for 2013 and 2014, respectively.  Canola reached a maximum biomass of 1050 kg ha-1 in 
late May 2013, but this does not take into account the biomass from the leaves which died and 
decomposed over the winter, as documented by the 352 kg ha-1 decrease from the fall biomass to 
early spring.  In the spring of 2013 canola plants had died back to a crown roughly 5 to 8-cm in 
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diameter.  Accounting for the winter dieback, total aboveground biomass accumulation for 
canola over the whole 2012-2013 season gives a minimum production of 1402 kg ha-1.  Camelina 
reached a maximum of 1513 kg ha-1 aboveground biomass in the 2013-2014 season, again 
making it competitive with canola. These biomass values for canola and camelina are lower than 
those reported for spring lines by Gesch et al. (2015) in Minnesota, perhaps due to lower stand 
densities and earlier termination in our study.  
Plant nitrogen 
 Both concentration and accumulation of N in aboveground plant biomass varied by entry.  
Years were analyzed separately within sampling date due to variable establishment and 
winterkill (Table 8).   
The N concentrations tended to be highest in the fall and decline over the spring sampling 
period with increasing maturity as reported previously for these and other crops.  Rye had the 
lowest N concentration at all dates except fall 2013 when all entries had similar concentrations. 
In 2012-2013 season the N concentrations of the brassica entries were similar to each other in the 
fall and early May sampling dates.  However, camelina had significantly greater N concentration 
of aboveground biomass than canola for the mid and late May sampling dates (Table 8), likely 
due to the camelina’s later planting date and delayed development. Over the two seasons, rye N 
concentrations varied by a range of 33 g kg-1, while canola varied by 28 g kg-1 and camelina by 
only 12 g kg-1. 
Rye had the greatest N accumulation at all spring dates and was greater than canola and 
camelina at both fall dates, but was similar to turnip in the fall of both years.  At termination rye 
had 423% greater N accumulation than canola in 2013 and 100% more than camelina in 2014, 
differences of 110 kg ha-1 and 46 kg ha-1, respectively.  Turnip N accumulation was similar to 
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canola at both fall dates but was greater than camelina in 2014.  Canola was similar to camelina 
at all dates when both were growing.  As with biomass, N accumulation for canola in the spring 
of 2013 only represents the N in the growing biomass and not the dieback biomass.  Accounting 
for this gives total N accumulation values of 31 kg ha-1 and 48 kg ha-1 for the mid and late May 
sampling dates, respectively.  These values agree closely with the values for camelina in the 
spring of 2014, with differences of 0 kg ha-1 and 2 kg ha-1 when comparing the mid and late May 
dates.  Once again, camelina performed similarly to canola (Table 8). Additionally, while 
camelina only accrued 23% as much biomass as rye in spring 2014, it accrued 50% as much 
nitrogen, indicating potential as an N scavenging CC. 
Rye increased in N accumulation by 31 and 33% over the spring, while canola increased 
271% and camelina increased 229%, indicating that using the brassicas as N scavenging CCs 
benefits from delaying termination until later in the spring.  Additionally, canola and camelina 
maintained significantly higher late May N concentrations than rye while C concentrations 
(presented below) were similar among them.  Thus the late May C:N ratios of the brassicas 
remained lower than the early May C:N ratios for rye grown in the same year: 15.7 for late May 
canola vs  17.1 for early May rye in 2013 and 13.5 for late May camelina vs 14.2 for early May 
rye in 2014.  Given that a low C:N ratio is important for minimizing N immobilization, brassicas 
may be an better option than rye for farmers who desire a late CC termination date.   
Plant Carbon 
Both concentration and accumulation of C in aboveground biomass varied by species and 
the two seasons were analyzed separately within sampling date (Table 9).  The general trend for 
all entries was for C concentrations to peak in the fall, drop to their lowest values at the early 
May date and then climb slightly as plants matured through the spring growth period.  The C 
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concentration in aboveground biomass of rye was greatest in fall 2012 and was higher than 
turnip and camelina, but similar to canola in fall 2013.  Canola had higher C concentration than 
turnip in the fall of 2012 but was similar to turnip and camelina in fall 2013.  Canola had similar 
C concentration to rye at all dates in the spring of 2013, but both canola and rye had 
concentration than camelina at the early and mid-May dates.  Turnip had the lowest C 
concentration in fall 2012 and was lower than rye, but similar to canola and camelina in fall 
2013.  There were no differences among entries for the late May 2013 or spring 2014 dates.  Fall 
C concentration varied over a range of 157 g kg-1 and spring concentrations over a range of 141 g 
kg-1.  The least hardy entry, turnip, had lower C concentration than rye in both fall years, 
suggesting high fall C concentration may be associated with the production of phytochemicals to 
aid in overwintering.  This is consistent with studies of the overwintering mechanisms in rye 
(Hon et al., 1995). Total C accumulation increased over both seasons for rye and camelina, while 
canola dipped below its fall 2012 value in spring 2013 and didn’t surpass it until the late May 
date.  Rye had the greatest aboveground carbon accumulation at all sampling dates (Table 9).  
There were no differences in C accumulation among the brassicas at any dates.  When compared 
to the next greatest entry at termination rye had 728% and 336% greater C accumulation in 2013 
and 2014 respectively.  As with biomass and N accumulation, accounting for winter dieback 
leaves canola with a total C accumulation of 572 kg ha-1 over the 2012-2013 season, which is 
10% lower than the C accumulation of camelina over the 2013-2014 season. 
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Conclusions 
This study documented the performance of three Brassicaceae species when grown as 
cover crops in central Iowa.  The brassicas demonstrated differing levels of cold tolerance, 
ground cover, biomass, and carbon and nitrogen accrual. When considering overall cover crop 
performance winter rye generally out performed the brassicas.  Because of the complexities and 
differences between Brassicaceae species, no individual entry represents a ‘drop in’ alternative 
to rye, but rather a suite of cover crops that allow farmers to make specific choices about 
important characteristics.  Of the brassicas studied, camelina appears the most promising 
alternative, as it had better cold tolerance and comparable or better performance to canola for the 
factors studied.  Camelina warrants further study as a cover crop in the Midwest.  Additionally, 
the impact of termination date on spring biomass and nutrient accumulation was found to be a 
larger factor for canola and camelina than for rye and brassicas were found better suited than rye 
to late spring termination dates when N immobilization is of concern.    
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Table 1. Dates of field operations for cover crops and soybean for two years, Ames, IA. 
 2012-2013 2013-2014 
Fall soil sampling Sept. 17 Nov. 20 
Cover crop seeding Sept. 12 & Oct. 11* Sept. 27 
Fall biomass sampling Nov. 8 & 9 Nov. 11 & 14 
Fall residue cover Nov. 10 Nov. 8 
Fall cover crop population Nov. 8 & 9 Nov. 7 
Fall leaves per plant Nov. 8 & 9 Nov. 11 & 14 
Spring cover crop biomass sampling May 7 May 7 
Spring cover crop survival counts Apr. 29 May 7 
 
  First termination date operations 
Residue cover May 7 May 18 
Cover crop biomass sampling May 13 May 18 
Biomass removal May 15 May 20 
Cover crop termination May 15 May 22 
Soybean planting May 16 May 23 
 
Second termination date operations 
Residue cover May 23 May 29 
Cover crop biomass sampling May 23 May 29 
Biomass removal May 23 May 30 
Cover crop termination May 23 May 30 
Soybean planting June 8 May 30 
*Camelina was planted on 11 Oct., 2012 and stands were determined on 9 Nov., 2012
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Table 2. Mean monthly temperature and precipitation, Ames, IA 
 20 year average  2012-2013  2013-2014 
 Mean monthly 
temperature 
 
Monthly 
precipitation 
 
Mean monthly 
temperature 
 
Monthly 
precipitation 
 
Mean monthly 
temperature 
 
Monthly 
precipitation 
 ________ °C ________  _____ mm _____  ________ °C ________  _____ mm _____  ________ °C ________  _____ mm _____ 
September 23.1  76  16.7  64  19.5  49 
October 16.5  63  9.5  60  10.5  97 
November 8.7  46  4.6  28  1.1  40 
December 0.9  26  -2.9  32  -8.7  8 
January -1.6  19  -5.7  22  -9.8  3 
February 1.1  25  -3.6  21  -10.3  28 
March 8.0  50  -1.4  46  -0.6  20 
April 15.3  101  7.3  164  8.7  222 
May 21.3  129  14.9  296  16.1  130 
June 26.3  129  20.9  83  21.0  286 
July 28.5  117  22.7  37  20.6  76 
August 27.3  121  22.5  20  22.1  207 
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Table 3. Soil nitrate, ammonium, and Mehlich-3 P and K concentrations at the 0 to 15-cm depth at cover crop planting in two years, 
Ames, IA. 
  2012-2013  2013-2014 
Cover crop  NO3
- NH4
+ P K  NO3- NH4
+ P K 
  _____________________________________________________________ mg kg-1____________________________________________________________ 
________________________________________________________________    No cover crop  41 6 58 238  31 9 72 221 
   Camelina  29 6 63 230  36 11 71 207 
   Canola  39 7 94 334  43 13 53 204 
   Winter rye  40 6 96 301  53 22 45 179 
   Turnip  31 7 96 334  26 8 76 227 
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Table 4. Soil nitrate, ammonium, and Mehlich-3 P and K concentrations 0 to 15-cm depth at two spring  
termination dates following fall planted cover crops at two termination dates for two years, Ames, IA 
  2012-2013  2013-2014 
Cover crop   NO3
- NH4
+ P K  NO3- NH4+ P K 
  ___________________________________ mg kg-1____________________________________ 
_______________________________________________________    No cover crop  9a
† 5 82 271b  16 a 4 50 162 
   Camelina   10a 6 85  293ab  13 a 4 47 150 
   Canola  9a 5 84  295ab  16 a 4 48 148 
   Winter rye  6b 5 73 303a    9 b 3 43 158 
   Turnip  11a 6 76 274b  16 a 4 47 144 
           
Termination date           
   Mid May  9 6a 80 275b  15 4 47 151 
   Late May  9 5b 80 299a  13 4 47 154 
           
Significance  P value  
Cover crop  (C)  ** ns ns 0.098  *** ns ns ns 
Termination date (D)  ns‡ 0.065 ns 0.096  ns ns ns ns 
C × D  * * ** ***  ns ns ns ns 
† Means followed by different lower case letter within a column are significantly different at P≤0.05.   
‡ Not significant. 
* Significant at P ≤ 0.05.  
** Significant P ≤ 0.01. 
*** Significant P ≤ 0.001. 
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Table 5. Interaction between cover crop treatment and termination date  
for NO3
-, NH4
+, and Mehlich-3 P and K soil concentrations in the spring  
following termination of fall 2012-planted cover crops in 2013, Ames, IA.   
   
Termination date 
No cover 
crop 
Camelina Canola Rye Turnip 
 NO3
-, mg kg-1 
Mid May 10 9 8b† 6 10 
Late May 9 10 10a 5 11 
      
 NH4
+, mg kg-1 
Mid May 5 6 6 5 6a 
Late May 5 5 5 5 5b 
      
 P, mg kg-1 
Mid May 89a 85 81 75 67b 
Late May 74b 84 86 72 86a 
      
 K, mg kg-1 
Mid May 272 284 269b 313 239b 
Late May 269 302 321a 293 310a 
† Means followed by different lower case letter within a column are significantly different at 
P≤0.05.   
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Table 6. Fall and spring population, fall leaves per plant and winter survival of selected cover crop entries in two years at Ames, IA 
  2012-13  2013-14 
           
Cover crop  Fall stand Leaves per plant Spring stand Survival  Fall stand Leaves per plant Spring stand Survival 
  plants ha-1 leaves plant-1 plants ha-1 %  plants ha-1 leaves plant-1 plants ha-1 % 
Camelina  302,000d† - 128,000 42  870,000b 4.4 551,000 64 
Canola  732,000c 7.0 240,000 33  866,000b 3.5 0 0 
Winter rye  2,210,000a 27.0 - 100‡  1,483,000a 7.9 - 100‡ 
Turnip  1,631,000b 7.2 0 0  1,368,000a 4.3 0 0 
† Means followed by different lower case letter within a column are significantly different at P≤0.05. 
‡ Assumed to be 100% due to lack of apparent injury 
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Table 7. Aboveground biomass and ground cover percentage of fall planted cover crop species following corn silage in 2012-2013 
and 2013-2014, Ames, IA 
 2012-2013  2013-2014 
 Biomass  Ground cover  Biomass  Ground Cover 
Cover 
crop 
Fall 
Early 
May 
Mid 
May 
Late 
May 
 Fall 
Mid 
May 
Late 
May 
 Fall 
Early 
May 
Mid 
May 
Late 
May 
 Fall 
Mid 
May 
Late 
May 
 _____________ kg ha-1 _____________  __________ % __________  _____________ kg ha-1 _____________  __________ % __________ 
Control - - - -  21d 25b 10d  - - - -  30b 27c 24d 
Camelina - 34b† 84b 350bc  24d 28b 21c  32b 312b 859b 1513b  31b 41b 67b 
Canola 537b 185b 346b 1050b  64c 32b 45b  56b 0b‡ 0c 0c  28b 30c 34c 
Winter 
rye 
1251a 4381a 6285a 8577a  94a 99a 99a  311a 2409a 4592a 6561a  41a 88a 96a 
Turnip 769b 0b 0b 0c  71b 29b 12d  234a 0b 0c 0c  39a 28c 27cd 
† Means followed by different lower case letter within a column are significantly different at P≤0.05. 
‡ Biomass of zero indicates a lack of winter survival  
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Table 9. Nitrogen concentration and accumulation in aboveground biomass of fall planted cover  
crop species following corn silage in 2012-2013 and 2013-2014, Ames, IA 
 
 2012-2013  2013-2014 
 N concentration  N concentration 
Cover 
Crop 
Fall 
Early 
May 
Mid 
May 
Late 
May 
 Fall 
Early 
May 
Mid 
May 
Late 
May 
 ___________________________________________ g kg-1 __________________________________________ 
Camelina - 39a 43a 38a  43 44a 38a 32a 
Canola 54a† 38a 29b 26b  53 - - - 
Rye 37b 23b 17c 16c  47 29b 17b 14b 
Turnip 52a - - -  44 - - - 
          
 N accumulation  N accumulation 
 Fall 
Early 
May 
Mid 
May 
Late 
May 
 Fall 
Early 
May 
Mid 
May 
Late 
May 
 ____________________________________________  kg ha-1  ________________________________________ 
Camelina - 1b 4b 13bc  1c 14b 31b 46b 
Canola 29b 7b 9b 26b  3bc 0b 0c 0c 
Rye 47a 102a 108a 136a  15a 70a 76a 92a 
Turnip 39ab 0b 0b 0c  9ab 0b 0c 0c 
† Means followed by different lower case letter within a column are significantly different at P≤0.05.  
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Table 8. Carbon concentration and accumulation in aboveground biomass of fall planted cover crop  
entries following corn silage two years, Ames, IA 
 
 2012-2013  2013-2014 
 C concentration  C concentration 
Cover 
crop 
Fall 
Early 
May 
Mid 
May 
Late 
May 
 Fall 
Early 
May 
Mid 
May 
Late 
May 
 ___________________________________________ g kg-1 __________________________________________ 
Camelina - 290b 339b 364  377b 368 384 431 
Canola 420b† 396a 398a 409  412ab - - - 
Rye 450a 394a 393a 403  489a 413 413 417 
Turnip 383c - - -  332b - - - 
          
 C accumulation  C accumulation 
 Fall 
Early 
May 
Mid 
May 
Late 
May 
 Fall 
Early 
May 
Mid 
May 
Late 
May 
 ____________________________________________  kg ha-1  ________________________________________ 
Camelina - 10b 31b 129b  12b 120b 341b 635b 
Canola 225b 73b 141b 420b  23b 0b 0c 0c 
Rye 562a 1725a 2477a 3478a  157a 996a 1895a 2723a 
Turnip 293b 0b 0b 0b  70b 0b 0c 0c 
† Means followed by different lower case letter within a column and parameter are significantly 
 different at P≤0.05. 
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CHAPTER 3.  
COVER CROPS BETWEEN MAIZE SILAGE AND SOYBEANS: YIELD, 
AGRONOMICS, ECONOMICS AND OPPORTUNITIES 
A paper for submission to Agronomy Journal 
 
 
Abstract 
 Cover crops (CC) are a vital tool for mitigating negative consequences of 
conventional cropping systems, but producer adoption of CCs remains relatively low in Iowa.  
Reticence among producers can often be traced back to economic concerns as cover crops are 
seen by many as having significant costs with little short-term benefits.  One possible option to 
alleviate these concerns is the use of cover crops as forage.  The main objective of this study was 
to evaluate the performance of selected CCs in Iowa as dual purpose winter CCs and spring 
forages.  Cover crops evaluated include three brassica species [canola (Brassica napus L.) 
‘Sitro’, camelina [Camelina sativa (L.) Crantz] ‘Bison’, and turnip (Brassica rapa L.), ‘Purple 
top turnip’] and winter rye (Secale cereale L.) ‘Spooner’.  To this end, the impacts of CC entry, 
spring termination timing and aboveground biomass removal on various agronomic factors in a 
corn and soybean system were quantified.  These included stand density, R8 plant height, grain 
yield and grain quality of a subsequent soybean crop, forage yield and forage quality of CC 
biomass and weed density.  Additionally, partial budget analyses were performed for some 
entries to investigate overall system economics.  Soybean grain yields were lowest following 
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winter rye and were not reduced following any brassica where complete termination was 
achieved.  Weed densities were mainly influenced by incomplete CC termination.  Delayed 
termination had similar yield impacts to published values for delayed soybean planting in 
absence of a CC.  Relative feed values for camelina and canola were found to remain at or above 
150 all the way through the end of May.  Cover crop biomass removal had no detrimental effects 
and increased soybean yield and R8 plant height in some cases.  Seven of the eight entries used 
for partial budgeting showed net economic increases, even in instances when soybean grain yield 
was reduced.  
 
Abbreviations: CC, cover crop; CP, crude protein; RFV, relative feed value; 
 
Introduction 
Conventional cropping systems in Iowa often leave fields bare between harvest in the fall 
and crop establishment the subsequent spring.  This leads to detrimental environmental effects 
associated with these cropping systems including soil erosion levels beyond sustainable limits 
(Cruse et al., 2006; Kaspar and Singer, 2011) and NO3
- leaching to nearby waterbodies (Dinnes 
et al., 2002). Cover crops (CC) help ameliorate the environmental problems associated with 
conventional systems, but have had limited adoption by farmers in Iowa.  Two often cited 
reasons that farmers avoid using CCs are the complexity associated with adding a CC to a 
conventional system and the cost associated with CC establishment (Singer et al., 2007; Carlson 
and Stockwell, 2013). 
Aside from their potential to directly impact cash crops, CCs can also influence other 
non-crop factors which in turn impact the productivity of agronomic system in complex or 
dynamic ways.  Consider weed competition for example: CCs may reduce weed pressure 
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(Lawley et al., 2012), not impact weed pressure (Teasdale, 1996) or become weeds through 
competition with subsequent crops (De Bruin et al., 2005).   
However, along with the complexities associated with CC management come 
opportunities not present is conventional systems.  Chief among these is the utilization of 
resources that would otherwise be ‘wasted’ from an economic standpoint.  For instance, CCs 
capture NO3
- that might otherwise be lost to artificial subsurface drainage (Meisinger et al., 1991; 
Meisinger and Delgado, 2002) and require replacement with fertilizer sources.  Additionally, 
winter CCs accrue growth in conditions cooler than warm season plant species can tolerate.  The 
ability to capture these typically unused resources may be beneficial if the CC biomass is utilized 
as forage.  This practice is seemingly more common among producers with integrated crop and 
livestock systems, as can be seen in the survey of cover crop growers conducted by Singer et al. 
(2007).   
Termination timing of a CC has significant influences on many aspects of a cropping 
system, which, if improperly managed, can lead to negative impacts on subsequent crop yields.  
To address these issues with respect to eligibility for federal crop insurance, the United States 
Department of Agriculture Risk Management Agency (USDA-RMA) established rules for the 
termination timing, termination method, grazing and harvest of CCs (USDA-RMA, 2013).  The 
rules denied crop insurance if CCs were hayed or grazed after May 10 or if commodity crops 
were planted prior to termination.  While the rules were intended to minimize risk of commodity 
crop failure they also had unintended consequences for many conservation minded farmers due 
to their strict interpretation by field personnel which lead to several lawsuits appealing insurance 
denials (Clayton, 2013; Carr, 2013).  Additionally, the rules seemed to set the USDA-RMA at 
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odds with the USDA Natural Resources Conservation Service (USDA-NRCS) which strongly 
recommended CC adoption to farmers (Lehner, 2013). 
While many producers are already using cover crops as supplemental forage, the 
complexities associated with managing a cover crop for forage warrant further study.  Whether a 
CC forage provides a net economic benefit is dependent upon numerous factors. Chief among 
these are the overall impact on grain yield and quality of the subsequent crop and the yield and 
quality of the forage provided by the CC.  All of these yield and quality factors are highly 
dependent upon the CC species and the spring termination timing. 
While winter cereal rye is by far the most common CC used in Iowa (Singer, 2008) other 
species may be well suited as CCs.  Among alternatives, Brassicaceae species stand out as an 
under studied group of CCs in Iowa.  Brassicaceae species are particularly promising as CCs in 
Iowa because they have shown similar environmental benefits to cereal rye in other geographic 
areas (Meisinger et al., 1991) and they have high suitability as forage (Westwood and Mulcock, 
2012).   
The objectives of this study were to quantify the impacts of spring termination timing and 
cover crop species on (i) soybean establishment and plant height, (ii) weed population in 
subsequent soybean, (iii) cover crop forage quality, and (iv) soybean grain yield and quality.  
Winter cereal rye and three selected brassica species in were investigated in a no-till corn silage 
and soybean system.  An additional goal was to synthesize the results into economic terms via 
partial budget analysis. 
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Materials and Methods 
The field sites were located near Ames, IA (41.97º N, 93.66º W).  Soils at the 2012-2013 
site were Webster clay loam (fine-loamy, mixed, superactive, mesic Typic Endoaquoll), Harps 
clay loam (fine-loamy, mixed, superactive, mesic Typic Calciaquoll) and Clarion loam (fine-
loamy, mixed, superactive, mesic Typic Hapludoll).  In 2013-2014 the soils were Webster clay 
loam and Canisteo clay loam (fine-loamy, mixed, superactive, calcareous, mesic Typic 
Endoaquoll).  Prior to initiation of the experiment, sites had been in a corn-soybean rotation.   
The experiment was arranged in a randomized complete block design (RCBD) with four 
replications and a split-split-plot layout.  The whole plot factor was cover crop species; 
termination date was the first level split-plot factor and aboveground cover crop biomass 
removal was the second level split-plot factor.  Four cover crops were studied: winter rye (Secale 
cereale L.) ‘Spooner’, canola (Brassica napus L.) ‘Sitro’, camelina [Camelina sativa (L.) 
Crantz] ‘Bison’, turnip (Brassica rapa L.) ‘Purple top turnip’ as well as a no cover crop control.  
Cover crops were established in September and terminated in either early or late May of the 
following year.  The aboveground biomass was either left in place or removed, simulating a 
forage harvest.  After termination of the cover crops, Pioneer (DuPont-Pioneer, Inc., Johnston, 
IA) soybean ‘P92M40’ was planted and combined for grain in the fall.  Subplots were 3.0 m 
wide, four 76-cm rows.  In the 2012-2013 season plots were 12.2 m in length and in the 2013-
2014 season plots were 7.6 m in length.  
Management practices 
A uniformly managed corn silage crop preceded the experiment in both years and was 
harvested in late August in 2012 and in mid-September in 2013.  Soil samples were taken in the 
fall from 0- to 15-cm depth from each whole plot to determine initial soil fertility levels.  
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Nutrient levels for all plots were within recommended values for soybean grain (Mallarino et al., 
2013) and so no soil amendments were used. 
In 2012-2013, winter rye, canola and turnip were planted using a John Deere 750 (Deere 
and Company, Inc., Moline, IL) no-till drill on Sept. 12 and camelina was planted using a Tye 
no-till Pasture Pleaser drill on Oct. 11.  In 2013-2014 all plots were planted using the identical 
Tye drill on Sept. 27.  Row spacing was 19.1 cm for both drills.  Rye plots were planted at 67.3 
kg seed ha-1 while canola, turnip and camelina were planted at 5.6 seed kg ha-1.  Rye was planted 
at a depth of 2.5 cm and all other seed was planted at a depth of 0.6 cm. Canola seed was treated 
with clothianidin [[(C(E)]-N-(2-chloro-5-thiazolyl)methyl]-N’-methyl-N”-nitroguanidine], 
trifloxystrobin [methyl (E)-methoxyimino-{(E)-a-[1-(a,a,a-trifluoro-m-
tolyl)ethylideneaminooxy]-o-tolyl}acetate], carboxin [5,6-dihydro-2-methyl-N-phenyl-1,4-
oxathiin-3-carboxamide], and metalaxyl [N-(2,6-dimethylphenyl)-N-(methoxyacetyl)alanine 
methyl ester].  All other seed were untreated. 
Plots were split in the spring and cover crops were terminated in either early or late May. 
The choice of termination timing was initially intended to test the USDA-Risk Management 
Agency termination date guidelines for Iowa which determined eligibility for federal crop 
insurance (USDA-RMA, 2013) which stated, “Insurance shall not attach or be considered to 
have attached to a planted crop on acreage for which, in the same calendar year…A crop, 
including a cover crop, is hayed, grazed, or otherwise harvested past May 10”.  Due to wet 
spring conditions, this date was extended to May 20 in 2013 and the rule was changed the 
following year to be more flexible.  As the rule no longer existed, termination operations in the 
second year of the study were conducted as close to the first year calendar dates as field 
conditions allowed.  
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At each termination date, subplots were again split and aboveground cover crop biomass 
was removed from half.  Biomass removal was done by hand with a brush trimmer and rakes in 
2013 and with a forager harvester in 2014.  Subplots where cover crop biomass was left in place 
were mowed prior to subsequent planting operations for all dates except the early termination 
date of 2013.  The early termination subplots in 2013 were mowed after planting operations were 
completed.  Subplots that winterkilled did not have biomass removal performed due to extensive 
degradation of fall growth.  After cover crop biomass removal was completed, glyphosate [N-
(phosphonomethyl) glycine] was then applied to all subplots to terminate the cover crop.  The 
glyphosate for the early termination date in 2013 was applied at 0.42 kg a.e. ha-1 in 187 L ha-1 of 
water and then re-sprayed at a labelled rate of 0.84 kg a.e. ha-1 in 187 L ha-1.  All other 
termination dates received an appropriate labelled rate of 0.84 kg a.e. ha-1 in 187 L ha-1 of water.  
Dates of termination, glyphosate application and planting are presented in Table 1.  
Following cover crop termination, glyphosate resistant Pioneer 92M40 soybeans were 
planted into each subplot with a target planting rate of 346,000 pure live seed ha-1 with a row 
spacing of 76.2 cm.  Soybeans were planted at a depth of 2.5 cm. 
Soybeans were harvested from the two middle rows of all sub-subplots using an 
ALMACO SPC20 2-row plot combine (ALMACO, Nevada, IA).  Harvest was conducted on 
October 27 in 2013 and on October 20 and 21 in 2014. 
Data collection 
Soybean population was determined between V2 and V4 by counting 5.32 m of plants in 
each of the two middle soybean rows for every sub-sub-plot.  Plant height at harvest was 
determined from five plants randomly selected from the two middle rows of each sub-sub-plot. 
Weed density was determined by using ten 0.1 m2 hoops thrown randomly into plots. 
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Cover crop biomass was determined by harvesting a random 1m2 quadrat from the 
interior of each plot; dates are shown below in Table 1.  Harvested biomass was dried in a 60 °C 
oven until constant weight was achieved.  Biomass samples were ground using a 1-mm sieve on 
a Wiley mill (Thomas Scientific, Swedesboro, NJ).  Some biomass samples were too large to be 
practically passed through either mill in their entirety. These samples were roughly pre-chopped, 
mixed and subsampled; pre-chopping was performed using an 8-mm sieve on the Wiley mill.  
Cover crop carbon and nitrogen concentrations were determined from the ground samples by 
combustion analysis with a LECO Truspec CN analyzer (LECO Corporation, St. Joseph, MI). 
Acid detergent fiber (ADF) and neutral detergent fiber (NDF) values were determined for the 
cover crop biomass using ANKOM sequential fiber analysis techniques (ANKOM Technology, 
Macedon, NY).  Relative feed value for CC biomass was calculated per (Moore and 
Undersander, 2002): 
RFV = [88.9 – 0.0779 × ADF (g kg-1)] × {120 ÷ [10 × NDF (g kg-1)]} ÷ 1.29           [1] 
Statistical analysis 
All data were analyzed using SAS 9.4 (SAS Institute, 2012).  Cover crop aboveground 
biomass accumulation, crude protein (CP) and relative feed value (RFV) were analyzed 
separately at each date with cover crop treatment in an RCBD with four blocks.  Soybean plant 
population, plant height, grain oil and protein concentration, and grain yield were analyzed 
separately by year with cover crop treatment, cover crop termination date and biomass removal 
in a split-split plot RCBD with four blocks.  Cover crop entry was the whole plot factor, 
termination date was the first level split plot factor and aboveground biomass removal was the 
second level split plot factor.  These measurements were all analyzed using the MIXED 
procedure. 
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Weed density at mid-summer was analyzed using the GLIMMIX procedure to perform a 
split-split plot RCBD analysis with a Poisson distribution with the same structure as the split-
split plot MIXED procedures listed above.  A log transformation was performed on the weed 
density data before analysis and values of zero were changed to 0.001 to facilitate analysis.  
Presented results have been retransformed for ease of interpretation.  Block and its interactions 
were treated as random factors for all analyses.  A significance level of P ≤ 0.05 was used to 
perform all statistical tests and is assumed in this text unless otherwise noted. 
Economic analysis 
A partial budget analysis was performed for the inclusion of rye in both years, for canola 
in 2012-2013 and for camelina in 2013-2014.  Field operations were assumed to be performed on 
a custom basis and prices were based on the 2015 Iowa Custom Rate Survey (Plastina and 
Johanns, 2015).  A moisture content of 65% was assumed for calculating weight basis costs 
associated with ensilement.  Seed costs were based on actual prices paid and seeding rates.  
Economic losses due to reduced soybean yield used the mid May control as the base values 
(these were closest to standard practice). Soybean yield from CC treatments where CC biomass 
was removed were subtracted from these baseline values to find the yield change due to CC 
treatments. The yield change values were then multiplied by the average market year soybean 
price to calculate the overall economic impact.  Forage value was calculated based on the 
replacement cost for hay of the same relative feed value (RFV) using a price modification 
scheme as outlined by Undersander (2001).  Biomass with an RFV of 100 was considered to 
have a value equivalent to the average market year hay prices retrieved from the USDA-NASS 
Quick Stats webpage (“USDA/NASS QuickStats Ad-hoc Query Tool,”) and the price was 
adjusted by $0.45 per point of RFV (with an upper limit of 150) (Undersander, 2001).  Alfalfa 
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hay prices were used to calculate replacement cost of brassica silage due to the high CP and 
RFVs of the brassicas and grass hay prices were used to calculate replacement costs for rye 
silage.  
 
Results and Discussion 
 
Climate 
Overall temperatures in the 2012-2013 growing season were generally below the long-
term mean and ranged from 8 degrees below average in April to 4.8 degrees below average in 
August (Table 2).  April and May of 2013 was the wettest spring on record for the state of Iowa 
and this site received 230 mm precipitation above the long-term mean, double the typical 
precipitation.  This wet spring was followed by an unusually dry period from mid-June to mid-
September when precipitation was 254 mm (43%) below long-term average.   
The 2013-2014 growing season had winter temperatures that were much colder than 
typical followed by a cool spring and mild summer growing period (Table 2).  Mean monthly 
temperatures were below the long-term mean for the 2013-2014 season (Sept 2013 to Oct 2014) 
and ranged from 3.6 degrees below average in September to 11.4 degrees below average in 
February.  Precipitation was above average over the spring and summer and featured many 
intense storm events in late June and July, providing 324 mm of precipitation over long term 
average for the period from April to August. 
Soybean population 
Cover crop entry and termination date had different effects on soybean stand density 
between years.  Biomass removal had no effect on soybean stand density in either year of the 
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study.  In 2013 there was a significant interaction between CC entry and termination date.  This 
was due to poor termination of the rye and canola CCs at the mid May date.  Slicing the 
interaction by entry showed that canola and winter rye both had a significant effect for date, 
while the other CC treatments did not, leading to the entry by date interaction.  Soybeans planted 
in late May had 39% more plants ha-1 following canola and 47% more plants ha-1 following 
winter rye when compared to stands planted following the mid May termination date.  The main 
effects of CC entry and termination date were also significant in 2013, both likely due to the 
effects of poor control of canola and winter rye at the mid May termination date.  In 2014 
soybean stand density was influenced by a significant interaction of CC entry and termination 
date.  Further investigation showed soybean stand density differed between termination dates 
following canola CC but did not differ for other entries, giving rise to the significant interaction 
effect. The reason behind this difference, however, is unclear as canola winterkilled in 2014.   
Soybean plant height  
The effects of CC, termination date and biomass removal on soybean plant height at R8 
varied between years.  In 2013 only termination date influenced soybean plant height (Table 3).  
Soybean planted following the late May termination date had a mean plant height 5.1% higher 
than soybean planted following the mid May termination date.  This likely was due to the 
unusually cold and wet spring and the issues of poor termination in the canola and rye plots from 
the mid May date.   
In 2014, the effects of CC entry, termination date, and biomass removal and interactions 
of CC entry × termination date and CC entry × biomass removal influenced soybean height at 
harvest (Table 4).  Plant height at R8 was higher for all mid-May planted soybeans except those 
following canola, which did not differ between the two termination dates.   As the canola CC 
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winterkilled in 2014, the reason for this interaction is unclear, and thus the significance of the 
main effects of CC and date are more informative of the relative performance of the systems.  
The main effect of CC on soybean plant height showed soybeans following winter rye had 
shorter height than when following all other cover crop entries, with plant height at R8 reduced 
by 11.4% relative to the mean of the other entries.  The main effect of date showed soybeans 
planted in late May were 5.1 cm shorter than those planted in mid-May, a reduction of 5.5%.   
The interaction between R8 soybean height and CC biomass removal in 2014 was due to 
a significant effect of biomass removal in winter rye.  Other cover crop entries showed no 
significant effect of biomass removal on R8 soybean height.  Following winter rye where 
biomass was removed, soybeans were 7 cm taller compared to soybean where rye biomass was 
not removed, an increase of 9.1%.  Our results document that the removal of cover crop biomass 
is unlikely to decrease plant height of soybean and that the removal of winter rye biomass can 
lead to increased soybean plant height at harvest.  
Weed density 
The influence of treatments on density of weeds mid-summer in soybean differed 
between years.  In 2013, mid-summer weed density was influenced by CC entry and the 
interaction of CC entry × termination date × biomass removal whereas in 2014 there were no 
differences between treatments (Table 5). To better understand this three way interaction 2-way 
effect slices were performed (Table 6).  Because CCs which were still growing after soybean 
planting could have negatively impacted soybean growth, they were considered weeds in this 
study and thus the interaction in 2013 was due to two issues with termination of canola: 
incomplete control with herbicide at the mid May termination date and basal regrowth from the 
late May termination date.  As previously mentioned the application of glyphosate in mid-May 
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2013 was made at half the labelled rate and then plots were later resprayed at the labelled rate.  
Consequently, canola in mid May terminated plots was incompletely killed.  However, the injury 
to the canola plants from the biomass removal process rendered the half-rate glyphosate more 
effective; mid-summer weed density was 69% lower in mid May terminated canola plots when 
CC biomass was removed.  Late May terminated canola had over three times more biomass than 
mid May terminated canola and had flowered prior to application of glyphosate, rendering it 
more difficult to kill.  New basal growth occurred in the late May-terminated canola following 
biomass removal and application of glyphosate.  Where biomass was left in place, shading was 
substantial and inhibited basal regrowth relative to plots where biomass was removed.  Due to 
this, weed density was three times greater where canola biomass was removed for the late May 
termination date compared to weed density where canola biomass was left in place.   
Mid-summer weed density was not influence by of CC entry, termination date, biomass 
removal or their interactions in 2014 (Table 5).  As no significant effects were detected in 2014 it 
is unlikely that adding CCs, modifying termination timing or removal of biomass will increase 
weed pressure insofar as none of these management decisions impact the control of the CC itself.  
Complete termination of cover crops is paramount to maximizing weed management benefits.    
Forage yield and quality 
Due to variable establishment and winter survival of CC entries, the two seasons were 
analyzed separately within date for aboveground biomass, crude protein (CP) and relative feed 
value (RFV).  Camelina had poor establishment in fall 2012, but established plants overwintered 
well whereas camelina established and overwintered well in the 2013-14 season (Sklenar et al., 
2017a). Canola established well in both years but winterkilled in the 2013-14 season due to 
temperatures that were frequently below -25 C with no snow cover.  Turnip established well in 
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the fall both seasons, but winterkilled both years as expected.  Winter rye established well and 
survived the winter in both seasons.   
Winter rye had the greatest biomass accumulation at all sampling dates (Table 7).  In 
spring 2014, camelina had the second greatest accumulation of biomass because both turnip and 
canola winterkilled.  Aboveground biomass of winter rye reached a maximum of 8577 kg ha-1 in 
late May 2013 (Table 7).  At termination rye had 717% and 334% greater biomass than the next 
highest entry for 2013 and 2014, respectively.  Canola reached a maximum biomass of 1050 kg 
ha-1 in late May 2013 (Table 7).  In the spring of 2013 canola plants had died back to a crown 
roughly 5 to 8-cm in diameter.  Camelina reached a maximum of 1513 kg ha-1 aboveground 
biomass in the 2013-2014 season, surpassing the biomass accumulated by canola in the previous 
year. These biomass values for canola and camelina are lower than those reported for spring lines 
by Gesch et al. (2015) in Minnesota, perhaps due to lower stand densities and earlier harvest 
dates our study. Biomass values were used to calculate economics related to forages in this 
study.  For further analysis, including discussion of the fall CC dynamics and overall CC 
biomass trends, see Sklenar et al. (2017a).   
Relative feed values and CP for CC biomass varied by entry at all May dates in both 
years.  Winter rye had the lowest CP at all harvest dates except late May 2013 when it was 
similar to canola (Table 8).  Conversely, camelina had the highest CP values at all spring dates 
except early May 2013, when it was similar to canola.  Relative feed values followed similar 
trends (Table 9): camelina had higher RFVs than winter rye at all spring dates except early May 
2013 and canola had higher RFVs than rye at all spring dates in 2013.  The RFVs of winter rye 
dropped continually across all May dates in both years.  By contrast, camelina and canola RFVs 
remained steady or increased from the early to mid May dates and then decreased from the mid 
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to late May dates.  Despite the decreasing trend from mid to late May, the overall RFVs of 
camelina and canola remained quite high through the end of May.  The RFV of canola was 74% 
higher than rye in late May 2013 and while the RFV of camelina was 67% higher than rye in late 
May 2014.   
The early and mid May CP values and RFVs of both camelina and canola were consistent 
with those reported in the literature for brassica species (Robison, 2006; Neely et al., 2009; 
Westwood and Mulcock, 2012) while the late May RFVs were considerably lower.  The lower 
late May values were likely due to the maturity of the camelina and canola in this study, both of 
which had begun to flower by late May.  Typically, brassica forages are planted early in the year 
and are grazed or cut while undergoing reproductive growth.  One notable detail was between the 
late May CP levels in the brassicas.  While canola CP dropped significantly in 2013, camelina 
CP remained above 200 g kg-1 for all dates examined.  The dual use of brassica varieties as a 
winter cover crop and early spring forage source is a relatively unexplored niche for these crops, 
particularly in Iowa. Additionally, the spring RFVs reveal the importance of species and harvest 
timing on maximizing feed benefits of CC managed for forage.  While only 10 or 11 days 
separated the mid and late May terminations, the RFVs decreased between 38 and 63% among 
all CC entries.   
Soybean yield and quality 
Soybean grain yield, and protein and oil concentrations differed between years so data 
were analyzed within years.  Soybean grain yield showed a significant three-way interaction 
between CC, planting date and biomass removal in 2013 (Table 3).  Examination of this 
interaction revealed differences between the biomass removal treatments for mid May planted 
canola and between planting dates for the camelina and canola without biomass removed.  The 
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incomplete termination of the canola CC at the mid May date was the primary factor that caused 
the significance of this interaction.  Where canola biomass was removed, improved termination 
was apparent compared to canola where biomass was left in place for the mid May date.  
Soybean yield was 26% greater following mid May terminated canola where biomass was 
removed.  It is unclear how camelina influenced yield of soybean, as stand establishment of 
camelina in 2013 was very poor and thus the impact of the CC biomass remaining on the plot 
was likely minimal.     
Soybean grain yield in 2014 was influenced by CC entry and termination date; other main 
effects and interactions were not significant (Table 4).  Winter rye reduced grain yield in 2014 by 
535 kg ha-1 or 12% across other treatments.  Across all other factors, soybean following mid May 
termination had 6% (261 kg ha-1) greater yield relative to soybean planted following late May 
termination in 2014.  This was a daily reduction of 37.3 kg ha-1 and was consistent with reported 
values for daily soybean grain yield reductions in high productivity Iowa fields under 
conventional management (Pedersen, 2007).   The reduction of soybean grain yield following rye 
was contrary to the results of many studies (Ruffo et al., 2004; Juchems and Gailans, 2015).  
Likely the yield reduction was due to the extension of the cover crop growing period utilized in 
this study (which was longer than typical) or the high amount of rainfall that occurred (which 
was much greater than the 20-year mean).  
Soybean seed oil concentration was not influenced by any treatment factor or interaction 
in 2013 (Table 4). However, soybean seed oil concentration was influenced by both CC (P = 
0.0731) and termination date in 2014 (Table 4).  Soybean following the no cover control and 
turnip treatments had greater oil concentrations than soybean following rye, although the 
difference was only 3 g kg-1.  Additionally, mid May CC termination resulted in soybean having 
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2 g kg-1 greater oil concentration than soybean planted following a late May CC termination.  
While these differences are statistically significant, they are all near the average value for Iowa 
in 2014 and may not be of large practical significance. 
Soybean seed protein concentration was influenced by the CC × date and CC × biomass 
removal interactions in 2013 (Table 3) and by CC in 2014 (Table 4). However, all values fell 
into a narrow range (366-371 g kg-1).  Similar to oil concentration, differences within this range 
are considered nominal.   
Economics  
Using cover crops as forage added up to $605 ha-1 in value to the overall system.  For 
CCs that successfully established and overwintered only early May terminated canola in 2013 
reduced overall system value, despite the fact that soybean grain yield was often reduced relative 
to the early May no CC control.  Economic change varied between a net loss of 4.7% to a net 
gain of 23.9% relative to early May no CC controls.  While the reduced soybean grain yield 
following winter rye was relatively large, partial budget analysis of the overall system economics 
revealed that rye and camelina added value to the system (Table 10).  Canola produced a net gain 
at the late May harvest date and a net loss at the mid May harvest date (Table 10).  The economic 
differences for canola were due in large part to greater seed cost and lower harvestable biomass 
production.    
Due to the poor seed lot of camelina in 2012-2013 and the winterkill of canola in 2014, 
direct statistical comparison between partial budget numbers was not possible. However, as an 
exercise in systems thinking, partial budgeting of the systems was instructive.  A notable 
difference between CC trends was that canola in 2013 and camelina in 2014 had greater 
economic benefits when terminated in late May, whereas rye had an increase in between dates in 
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2013 and decrease between dates in 2014.  This result indicates that brassica species may be 
better suited to later termination than rye from an economic standpoint.  Also reinforcing this 
point is the fact that rye had a greater economic benefit than camelina in early May 2014, but the 
reverse was true in late May that year.  
Potential weaknesses of this analysis were that it did not account for forage quality 
changes due to ensilement nor provide economic benefits to forage with RFVs in excess of 150.  
However, it did show that using CCs as forage has the potential be a net economic benefit, even 
when subsequent cash crop yields are reduced. 
 
Conclusions 
This study has shown that different brassica species are successful as winter cover crops 
in Iowa and that understanding differences between species in an important factor depending on 
production goals.  Brassica species were shown to be more suitable than winter cereal rye for 
extending CC growth into late May, especially when limiting CC effects on soybean grain yield 
is of primary concern.  The only negative agronomic effect caused by any brassica was due to 
failure to completely terminate canola in early May 2013.  The effects of delayed termination 
were similar to those reported in conventional soybean systems in Iowa irrespective of prior CC.  
Perhaps most importantly, CC biomass removal was shown to have no negative impacts on yield 
or agronomic factors of the subsequent soybean crop. In some cases, CC biomass removal 
provided significant positive benefit to soybean grain yield, particularly in rye with high amounts 
of biomass.    
The viability of the selected Brassicaceae species as cover crops in Iowa also highlights 
the need for further studies into this underrepresented CC group, particularly camelina.  Previous 
studies have hypothesized that camelina is poorly suited to wet growing conditions (Gesch and 
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Cermak, 2011), but this was not observed to be the case in this study.  Areas that warrant further 
study include investigating the suitability of cultivars of canola and camelina, evaluating 
different brassica species, which were not represented in this study, extending CC growing 
seasons further through aerial planting and/or relay cropping and more robust economic analyses 
through enterprise budgeting.         
The insights into the dynamics of CC forage and soybean systems is particularly helpful 
in providing producers with a toolbox of potential cover crops that can be tailored to suit their 
specific needs.   
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Table 1. Dates of field operations for cover crops and soybean for two years, Ames, IA. 
 2012-2013 2013-2014 
Pre-cover crop soil sampling Sept. 17 Nov. 20 
Cover crop seeding Sept. 12 & Oct. 11* Sept. 27 
Spring cover crop biomass sampling May 7 May 7 
First termination date operations 
Cover crop biomass sampling May 13 May 18 
Biomass removal May 15 May 20 
Cover crop termination May 15 May 22 
Soybean planting May 16 May 23 
Second termination date operations 
Cover crop biomass sampling May 23 May 29 
Biomass removal May 23 May 30 
Cover crop termination May 23 May 30 
Soybean planting June 8 May 30 
Post soybean planting operations 
Midseason weed population counts July 10 July 9 
Midseason glyphosate application July 10 July 9 
Soybean harvest Oct. 27 Oct. 20 &21 
*Camelina plots were planted late in 2012 and thus represent the later date when two dates are presented. 
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Table 2. Mean monthly temperature and precipitation, Ames, IA 
 20 year average  2012-2013  2013-2014 
 Mean monthly 
temperature 
 
Monthly 
precipitation 
 
Mean monthly 
temperature 
 
Monthly 
precipitation 
 
Mean monthly 
temperature 
 
Monthly 
precipitation 
 ________ °C ________  _____ mm _____  ________ °C ________  _____ mm _____  ________ °C ________  _____ mm _____ 
September 23.1  76  16.7  64  19.5  49 
October 16.5  63  9.5  60  10.5  97 
November 8.7  46  4.6  28  1.1  40 
December 0.9  26  -2.9  32  -8.7  8 
January -1.6  19  -5.7  22  -9.8  3 
February 1.1  25  -3.6  21  -10.3  28 
March 8.0  50  -1.4  46  -0.6  20 
April 15.3  101  7.3  164  8.7  222 
May 21.3  129  14.9  296  16.1  130 
June 26.3  129  20.9  83  21.0  286 
July 28.5  117  22.7  37  20.6  76 
August 27.3  121  22.5  20  22.1  207 
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Table 3. Soybean population, plant height, yield, and oil and protein concentration for 2012-2013 season 
  2012-2013 
Parameter  Population  Plant height  Yield  Oil  Protein 
  no. ha-1  cm  kg ha-1  g kg-1  g kg-1 
Cover crop           
   Control   324000 a  78.7  4097  198  366 
   Camelina  332000 a  82.4  4135  195  367 
   Canola  286000 b  77.8  4013  197  367 
   Winter rye  272000 b  68.5  3422  193  368 
   Turnip  336000 a  77.7  4351  194  368 
Termination date           
   Mid May  290000 b  75.1 b  3964  195  368 
   Late May  330000 a  78.9 a  4043  196  366 
Biomass Removal           
   Not removed  305000  76.3  3921  195  367 
   Removed  315000  77.7  4086  196  368 
           
Significance           
Cover crop  (CC)  ***  ns  ns  ns  ns 
Termination date (D)  *  0.0582  ns  ns  ns 
CC × D  ***  ns  ns  ns  * 
Biomass Removal (R)  ns  ns  ns  ns  ns 
CC × R  ns  ns  ns  ns  * 
D × R  ns  ns  ns  ns  ns 
CC × D × R  ns  ns  *  ns  ns 
† Means followed by different lower case letter within a column are significantly different at P≤0.05. 
‡ Not significant. 
* Significant at P ≤ 0.05.  
** Significant P ≤ 0.01. 
*** Significant P ≤ 0.001. 
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Table 4. Soybean population, plant height, yield, and oil and protein concentration for 2013-2014 season 
  2013-2014 
Parameter  Population  Plant height  Yield  Oil  Protein 
  no. ha-1  cm  kg ha-1  g kg-1  g kg-1 
Cover crop           
   Control  338000  89.6 a  4524 a  187 a    368 bc 
   Camelina  330000  91.3 a  4428 a    186 ab  366 c 
   Canola  329000  93.1 a  4423 a    186 ab    371 ab 
   Winter rye  318000  81.0 b  3951 b  184 b  371 a 
   Turnip  338000  91.7 a  4568 a  187 a  366 c 
Termination date           
   Mid May  326000  91.9 a  4510 a  187 a  368 
   Late May  335000  86.8 b  4248 b  185 b  369 
Biomass Removal           
   Not removed  331000  88.5 b  4390  186  368 
   Removed  330000  90.2 a  4368  186  368 
           
Significance           
Cover crop  (CC)  ns  **  ***  0.0731  * 
Termination date (D)  ns  ***  **  ***  ns 
CC × D  *  0.0587  ns  ns  ns 
Biomass Removal (R)  ns  **  ns  ns  ns 
CC × R  ns  **  ns  ns  ns 
D × R  ns  ns  ns  ns  ns 
CC × D × R  ns  ns  ns  ns  ns 
† Means followed by different lower case letter within a column are significantly different at P≤0.05. 
‡ Not significant. 
* Significant at P ≤ 0.05.  
** Significant P ≤ 0.01. 
*** Significant P ≤ 0.001. 
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Table 5. Density of weeds in soybean at mid-summer  
following fall planted cover crop species in 2012-2013  
and 2013-2014, Ames, IA 
Cover crop treatment 2012-13 2013-14 
 Weed density, no. m-2 
No cover crop 0.8b† 3.7 
Camelina 1.4b 2.0 
Canola 3.8a 2.8 
Winter rye 0.0b 3.3 
Turnip 1.4b 1.8 
   
Termination date   
Mid May 0.8 2.8 
Late May 0.6 2.4 
   
Biomass removal   
Not removed 0.6 2.3 
Removed 0.7 3.0 
   
Significance P value 
Cover  crop treatment (CC) *** ns 
Termination date (D) ns‡ ns 
CC × D ns ns 
Biomass removal (R) ns ns 
CC × R ns ns 
D × R ns ns 
CC × D × R * ns 
† Means followed by different lower case letter within  
a column are significantly different at P≤0.05.   
‡ Not significant. 
* Significant at P ≤ 0.05.  
** Significant P ≤ 0.01. 
*** Significant P ≤ 0.001. 
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Table 6  Interaction of cover crop with termination date and biomass removal for  
weed density in soybean at mid-summer following fall planted cover crop species  
in 2013, Ames, IA 
  
Mid May 
Late 
May 
Canola Weeds, no. m-2 
 Biomass left in place 8.4a 1.7b 
 Biomass removed 2.6b 5.7a 
Turnip   
 Biomass left in place 2.7 3.5a 
 Biomass removed 0.7 0.5b 
    
  Biomass left in place Biomass removed 
Canola  Weeds, no. m-2 
 Mid May 8.4a 2.6 
 Late May 1.7b 5.7 
    
  Biomass left in place Biomass removed 
Mid May  Weeds, no. m-2 
 No cover control 0.3c 0.7 
 Camelina 1.7bc 1.5 
 Canola 8.4a 2.6 
 Winter rye 0.0 0.5 
 Turnip 2.7b 0.7 
    
Late May    
 No cover control 1.6 1.2b 
 Camelina 1.0 1.5b 
 Canola 1.7 5.7a 
 Winter rye 0.0 0.0 
 Turnip 3.5 0.5b 
† Means followed by different lower case letter within a column are significantly  
different at P≤0.05.   
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Table 7. Aboveground biomass of fall planted cover crop species following corn  
silage in 2012-2013 and 2013-2014, Ames, IA 
 2012-2013  2013-2014 
Cover crop Mid May Late May  Mid May Late May 
 ___________ kg ha-1 ____________  _____________ kg ha-1 _____________ 
Control - -  - - 
Camelina 84b 350bc  859b 1513b 
Canola 346b 1050b  0c 0c 
Winter rye 6285a 8577a  4592a 6561a 
Turnip 0b 0c  0c 0c 
† Means followed by different lower case letter within a column are significantly  
different at P≤0.05. 
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Table 8. Crude protein of cover crop entries across two seasons in Ames, IA 
  2012-2013  2013-2014 
Cover Crop  Early May Mid May Late May  Early May Mid May Late May 
  ______________________________________g kg-1___________________________________________ 
Camelina  268 a† 276 a 239 a  277 a 238 a 201 a 
Canola  236 a 182 b 162 b  - - - 
Winter rye  145 b 104 c 102 b  178 b 104 b 89 b 
Turnip  - - -  - - - 
† Means followed by different lower case letter within a column are significantly different at P≤0.05. 
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Table 9. Relative feed value of cover crop entries across two seasons in Ames, IA 
  2012-2013  2013-2014 
Cover Crop  Early May Mid May Late May  Early May Mid May Late May 
         
Camelina  255 b† 355 a 224 a  324 a 300 a 150 a 
Canola  461 a 472 a 177 b  - - - 
Winter rye  203 b 164 b 102 c  248 b 163 b 90 b 
Turnip  - - -  - - - 
† Means followed by different lower case letter within a column are significantly different at P≤0.05. 
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Table 10. Partial budget analyses of selected cover crop entries and biomass harvest dates over two years in Ames, IA  
  2013  2014 
  Mid May  Late May  Mid May  Late May 
  Rye Canola  Rye Canola  Rye Camelina  Rye Camelina 
Increased costs  
________________________________________________________dollars ha-1_____________________________________________________ 
Seed  $59.31 $118.61  $59.31 $118.61  $59.31 $24.71  $59.31 $24.71 
Drilling small grains  $39.29 $39.29  $39.29 $39.29  $39.29 $39.29  $39.29 $39.29 
Swathing  $32.37 $32.37  $32.37 $32.37  $32.37 $32.37  $32.37 $32.37 
Chopping, haul, fill silo  $172.21 $9.48  $235.01 $28.77  $125.82 $23.54  $179.77 $41.46 
             
Reduced income             
Soybean losses  $522.13 -$9.75  $265.47 -$4.61  $87.98 $37.64  $323.85 $99.82 
             
Increased income             
Forage value  $1,205.48 $92.30  $1,236.65 $280.10  $749.15 $190.32  $679.83 $335.23 
             
Total costs  $825.31 $190.01  $631.45 $214.43  $344.77 $157.55  $634.60 $237.66 
Net change  $380.17 -$97.71  $605.20 $65.67  $404.38 $32.77  $45.24 $97.57 
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CHAPTER 4.  
GENERAL CONCLUSION 
Summary 
In Chapter 2 it was shown that winter rye generally out performed the brassicas in terms 
of environmental benefits.  Rye had greater biomass, C and N accumulation, provided more 
ground cover and reduced soil NO3- more than the brassica species studied.  Camelina was found 
to have much better winter survival than canola, while their environmental benefits were 
generally similar.   
Chapter 3 found that biomass removal was never detrimental to subsequent soybean grain 
yields and in some cases with high cover crop biomass, removal increased subsequent grain 
yield.  It was also shown that the observed yield reductions associated with delayed cover crop 
termination were similar to those reported for delaying planting in systems without a cover crop.  
Rye generally had the largest impact on soybean grain yield, while brassicas differed little from 
one another or controls.  Additionally, partial budget analysis documented that seven of the eight 
instances in which cover crops successfully established and overwintered had a net economic 
gain, regardless of whether or not soybean grain yield was reduced. 
 
Conclusions 
Of the species investigated in this study, none represented a ‘silver-bullet’ cover crop 
solution for Iowa.  The benefits, costs and influences of the cover crops differed in ways that 
could potentially complement one another and taken together these different species represent a 
suite of options for Iowa farmers, allowing farmers to tailor cover crop choices toward specific 
goals.  Turnips are well suited when complete winterkill is desired while winter rye is suited to 
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an early spring termination.  Camelina and canola are better suited for later termination dates to 
maximize their environmental and economic benefits.  Importantly, in no case did cover crop 
biomass removal have a negative impact on yield. 
Future work is needed to fine-tune these systems including looking at the extension of the 
cover crop growing season via aerial seeding into the previous crop and seeding the subsequent 
crop prior to cover crop termination and harvest.  Additional work could also include 
examination of different cultivars to quantify performance across these species.   
Additionally, because not all cover crops behave the same way or have the same impacts, 
it is important to strive for a regulatory system flexible enough to allow farmers to utilize new 
options while remaining robust enough to dissuade abuse.  Ultimately, the best testing and 
innovation in cover cropping is likely to come from farmers themselves as they continue to adopt 
and adapt the practice.  It is therefore vital to continue expanding and disseminating our 
knowledge of cover crop diversity for the sake maximizing the benefits to both the environment 
and the farmer’s pocket book.    
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